Background & objectives: Cutaneous leishmaniasis (CL) is widespread in the tropical and subtropical regions of the world including, Tukey. Environmental determinants for the CL endemic areas in Turkey are relatively poorly understood. The aim of the present study was to develop a model based on ecological niche modeling (ENM) to predict the distribution of CL in endemic areas of Adana Province in Turkey.
INTRODUCTION
Leishmaniasis is a neglected tropical disease which is caused by intracellular Leishmania protozoan transmitted by infected Phlebotomine female sandflies. According to the World Health Organization (WHO), almost 12 million people from 98 countries worldwide are currently infected with leishmaniasis, while 350 million people are at risk. Of the two million new cases diagnosed every year, three-fourth are cutaneous leishmaniasis (CL) cases 1 . Cutaneous and visceral leishmaniasis (VL), the most common forms of leishmaniasis in Turkey, are frequently reported from rural areas with low status socioeconomic level. These are transmitted by proven vector sandflies such as Phlebotomus tobbi, P. sergenti and P. similis. The cutaneous form is commonly seen in the southeast part of Turkey. It usually causes ulcers on the face, arms and legs. Although the ulcers heal spontaneously, they may cause serious disability and leave severe and permanently deforming scars [2] [3] . The main area of sandfly distribution currently lies in the Mediterranean region of Turkey. Cutaneous leishmaniasis is a major public health problem for metropolitan municipalities, especially in Adana, located in the eastern Mediterranean region [4] [5] . Various environmental data obtained from a range of sources, along with the human infection cases are used for predicting the prevalence and distribution of vectorborne diseases, on the basis of geographical information systems (GIS) tool and other modeling softwares 6 . They have been used in mapping and forecasting the epidemiology of prevalent diseases in a study area with high probability 7 . Environmental variables like normalized difference vegetation index (NDVI), enhanced vegetation index (EVI), digital elevation model (DEM), and emissivity (EMIS) have been used by many studies in Turkey to show the relationship between sandfly distribution and environmental factors effect [8] [9] [10] [11] [12] . Similarly, studies based on ecological niche modeling (ENM), conducted with inexpensive and powerful computers could be used for predictive modeling of various species, environmental requirements and geographic distributions 13 . A study carried out in Mymensingh and Gazipur districts in Bangladesh has successfully used ENM modeling for determining the distribution of VL Ecological niche modeling for the prediction of cutaneous leishmaniasis epidemiology in current and projected future in Adana, Turkey and its vector P. argentipes 14 . In Tunisia, 19 bioclimatic variables were used to estimate CL geographical distribution and Leishmania major potential distribution 15 . Thus, the goal of the present study was to design a new prediction model for CL distribution for all the districts of Adana using ENM in terms of current and projected future (2070) bioclimatic conditions; and to determine the role of environmental factors affecting its distribution using MaxEnt modeling techniques.
MATERIAL & METHODS

Study area
Adana is the fourth major city of Turkey, located in the East Mediterranean region, covering an area of 14,032 km 2 and having a human population of 1.7 million (Fig. 1 
Environmental variables
The study was conducted in 2017 summer. The environmental data included three variables (altitude, slope, and aspect) derived from remotely sensed data 16 , and 19 bioclimatic variables as shown in Table 1 
Human CL cases
Earlier studies have shown that CL is an endemic disease in Adana and 1831 cases have been reported between 2008 and 2016. Various data of CL cases which are necessary to developed ENM, were obtained from the Ministry of Health, Republic of Turkey through bilateral agreement 18 . The CL cases were reported from all the districts of Adana, except Tufanbeyli (northeast) throughout the nine consecutive years. In addition, Kozan, located in the southern part of the study area, had higher CL cases in related years ( Table 2 ). The spatially unique human CL cases were used as presence data to develop an ENM.
Ecological niche modeling
For constructing the ENM, the distribution of cases was used/analysed, as if it was a vector sandfly species 14 . The distribution of sandflies could be well-determined by the same environmental variables used to model the distribution of the CL. For generating this, maximum entropy Annual mean temperature (°C) Bio2
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Precipitation of coldest quarter (mm) 14 . The software was used with its default parameters with 10,000 as the maximum number of background absences, 0.00001 convergent thresholds, 15 replicates and 5000 as the maximum numbers of iterations and a logistic output presenting a continuous presence probability ranging from 0 to 1. A Jackknife analysis was performed to calculate the contribution of each variable in the modeling process and to determine the most effective factors in the distribution of CL cases in current and future. The area under the curve (AUC) and receiver operating characteristic curve (ROC) were determined for the model 13 . Furthermore, a probability threshold representing the 10th percentile training presence points was selected as a cut-off probability, used to convert continuous probability maps into binary maps for the present and future scenario (2070). Jackknife test plays an important role in the calculation of a substantial number of contributing variables in the generated model. The three most effective contributing variables (with highest percentage) helpful in better understanding of environmental requirements of CL, were separated from the other variables. For the model prediction in current and projected future (2070), the AUCs were categorized as high predictive power (AUC >0.5), random chance (AUC = 0.5) and worse than random (AUC <0.5) 19 .
RESULTS
A total of 1831 CL patients from 15 districts of Adana, reported between 2008 and 2016, were included in the current study. Running the models 25 times, current and projected future (2070) AUC values were calculated as training data: 0.868, test data: 0.882; and training data: 0.867; test data: 0.884, respectively (Figs. 2 a and b) . Artun: Ecological niche modeling of cutaneous leishmaniasis in Adana, Turkey The ENMs predicting the possible distribution of presence of CL cases for the current and future (2070) are shown in Figs. 3 a and b , respectively. The maps predict that, CL cases distribution (shown in yellow and red) will expand to the central and northeastern parts of Adana. Cutaneous leishmaniasis presence probability foci will be wider in the future than today, especially for Karaisali, Saricam, Kozan and Imamoglu districts. The generated map shows that, the more the number of CL patients in southeastern part of the city the more likely light blue color will turn to a green color. Further, the prediction map shows that CL cases will not be reported from the northern part of the Adana in the future (2070) (Fig. 2b) .
The results of the Jackknife analysis performed with 19 variables describing climatologies, and three geographic variables (Table 1) were significantly associated with the presence of human cases of L. infantum during both the time periods. The total accuracy (training gain) of both the models in presence of all the variables was approximately 0.92 (Fig. 4) . Figure 5 displays the six influential variables observed in the present study. The occurrence of CL cases was inversely related to Bio1, directly proportional to Bio4 and DEM for the present predication, whereas in the projected future (2070), these have an inverse relationship with the appearance of CL cases (Fig. 5) .
(A) Current situation (2017) (B) Projected future (2070)
DISCUSSION
Computer software packages, such as genetic algorithm for rule-set production (GARP), ArcGIS and MaxEnt are commonly used for geographical estimation of the data obtained from field works or other sources for analyzing and predicting species distributions, mapping, disease prevalence etc 13 . Earlier studies have reported that the distribution pattern of the vector arthropods is of great importance for better understanding of the epidemiology of vector-borne diseases.
The MaxEnt model has been employed for generating ENM in several studies, for the prediction of disease epidemiology and the possibility of future distribution of disease/vector. However, ArcGIS is essential in order to generate and convert data for usage in MaxEnt software to produce ENM 6 . The ENM in the present study supported the findings of earlier predictions by accurately estimating the occurrence of CL in present situation and projected future (2070). Reliability of prediction depends on the AUC values obtained, i.e. (AUC >0.5) indicates higher predictive power; (AUC = 0.5) indicates random chance; and (AUC <0.5) indicates worse predication 13 . Both the AUC values (present and future) of this study, were above 0.5.
Among the diseases considered to be important by WHO, CL has been the topic of various multidisciplinary international studies worldwide. An average of 10 to 13% of CL cases are reported every year in Adana, which is a CL endemic area. It also has a higher CL transmission risk than central Anatolia cities [1] [2] 4 . Thus, the determination of possible future emergence of CL, shed light into a better prediction of the distribution of vector sandfly species such as P. tobbi, which has been proved as a specific vector of L. infantum 10 The disease predication and AUC values of current (0.868), and future (0.867) were similar (0.842) to that calculated in Bangladesh study. However, the influential variables were different which included, LST (Land use/ land cover category), NDVI, Precipitation seasonality (Bio15), Precipitation of the warmest quarter (Bio18), Drainage and general soil type (GST) 14 . Similarly, a comprehensive study carried out in Tunisia, using 24 environmental layers focusing on both the CL cases and L. major (specific vector of P. papatasi) for the prediction of the geographic distribution of CL, observed that the compound topographic index and land cover were most influential variables which were different from the present study. However, similar to this study, elevation was significantly associated with the presence of human cases of CL 15 were reported from the study area. The AUC for P. papatasi and P. sergenti was 0.870 and 0.886, respectively. The high AUC values (>0.5) for both dominant vector sandfly species indicate that the risk of CL disease is high in their study areas. In the present study, the AUC values of vector sandflies could not be calculated. Risk maps were created only by considering the distribution of CL patients in the study region 14, 22 .
CONCLUSION
The risk map generated by the ENM model along with the AUC curves indicates that the future status of CL is likely to be stable (as evident by the blue color in Results) in the northern part of Adana, but the southern part will be affected by climate changes (change of temperature) with a large number of patient reporting. The information about the environmental variables would be sufficient in predicting distribution of the disease and the vector sandfly species in present time and future. The findings of the study could be used as a reference for CL and vector control studies/strategies of Adana Provincial Health Directorate in overcoming CL which particularly affects the people living in rural areas.
